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DESCRIPTION 

METHOD OF FIXING ORGANIC MOLECULE AND MICRO/NANO ARTICLE 
Technical Field 

The invention of this application relates to a method of fixing an organic 
molecule for the purposes of disposing and arranging an organic molecule in a 
fine region on the surface of a substrate in a given pattern. In more detail, the 
invention relates to a method of fixing an organic molecule, which is useful for 
preparing functional micro/nano articles such as optical materials such as 
photonic crystals and optical devices, and to a micro/fine article as prepared 
therefrom. 

Background Art 

In preparing micro/nano-scale materials including photonic crystals and 
devices, semi-conductor processes represented by photolithography have 
hitherto been applied (see, for example, Non-Patent Document 1). However, 
with respect to these processes, the process is a multi-stage process and is very 
complicated, devices to be used are expensive, and useful raw materials are 
extremely limited to, for example, silicon. Therefore, these processes were poor 
in functionality and were lacking in appeal as a material. Also, in these 
materials, it was impossible to control characteristics by an external field, for 
example, optical characteristics by an electric field or a magnetic field so that 
their applications to devices were limited. 

Non-Patent Document 1 

"Photonic-bandgap microca vities in optical waveguides", J.S. Foresi, P.R. 
Villeneuve, et al., Nature, Vol. 390, p. 143, 1997 

Then, problems of the invention of this application are to overcome the 
foregoing points at issue of the related art and to provide a new technical 
measure capable of preparing various functional micro/nano materials including 
photonic crystals and articles thereof simply and easily and inexpensively 
utilizing various functional organic molecules and having a large degree of 
freedom in selection of materials and in selection of shapes or patterns. 

Disclosure of the Invention 

For the sake of solving the foregoing problems, a first aspect of the 
invention of this application is to provide a method of fixing an organic molecule, 
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which is characterized by irradiating a photocurable resin containing an organic 
molecule on a substrate with light, thereby curing the photocurable resin in a 
given pattern and removing an uncured portion, thereby fixing the organic 
molecule in the given pattern on the substrate. 

Then, with respect to this method, a second aspect is to provide a 
method of fixing an organic molecule, which is characterized in that condensed 
light is irradiated in a given pattern, thereby curing the photocurable resin in 
the given pattern; a third aspect is to provide a method of fixing an organic 
molecule, which is characterized in that laser light is irradiated, thereby curing 
the photocurable resin in the given pattern; a fourth aspect is to provide a 
method of fixing an organic molecule, which is characterized in that light is 
irradiated using a mask pattern, thereby curing the photocurable resin in the 
given pattern; and a fifth aspect is to provide a method of fixing an organic 
molecule, which is characterized in that an organic molecule capable of 
absorbing light having a specific wavelength is contained and that light having a 
wavelength which the contained organic molecule absorbs is irradiated, thereby 
curing the photocurable resin. 

Also, a sixth aspect of the invention of this application is to provide a 
method of fixing an organic molecule, which is characterized by curing a 
photocurable resin in a given pattern on a substrate by irradiation with light 
and subsequently bringing it into contact with a solution containing an organic 
molecule, thereby penetrating the organic molecule into the photocurable resin; 
and a seventh aspect is to provide a method of fixing an organic molecule, which 
is characterized in that the organic molecule is penetrated by immersing in the 
solution of an organic molecule. 

Then, with respect to these methods, an eighth aspect is to provide a 
method of fixing an organic molecule, which is characterized in that condensed 
light is irradiated in a given pattern, thereby curing the photocurable resin in 
the given pattern; a ninth aspect is to provide a method of fixing an organic 
molecule, which is characterized in that laser light is irradiated, thereby curing 
the photocurable resin in the given pattern; and a tenth aspect is to provide a 
method of fixing an organic molecule, which is characterized in that light is 
irradiated using a mask pattern, thereby curing the photocurable resin in the 
given pattern. 

In addition, an eleventh aspect of the invention of this application is to 
provide a method of fixing an organic molecule of any one of the foregoing 
methods, which is characterized in that the cured shape of the photocurable 
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resin is controlled by the beam shape of condensed light; a twelfth aspect is to 
provide a method of fixing an organic molecule, which is characterized by 
repeating any one of the foregoing methods or combining them, thereby fixing 
each of plural kinds of organic molecules in an individual cured part of the 
photocurable resin; and a thirteenth aspect is to provide a method of fixing an 
organic molecule, which is characterized in that the organic molecule is a 
molecule having at least one functionality of photo, magnetic and electronic 
functions. 

Also, a fourteenth aspect of the invention of this application is to 
provide a micro/nano article, which is characterized by being prepared by any 
one of the foregoing methods. 

By applying to the preparation of micro/nano parts, it is possible to 
control refractive index, magnetism, dielectric constant, conductivity, and so on 
in a high degree of freedom, thereby bring various functionalities. Thus, 
applications in an extensive field including optical and nano technologies, 
especially applications as photonic crystals can be expected, and marked 
improvements in optical, magnetic and electric characteristics and so on can be 
expected. Also, the process is simple and low in costs as compared with 
semi-conductor processes of the related art. Accordingly, its effects are 
extremely large such that the manufacturing time and costs can be largely 
reduced. 

Furthermore, concretely, for example, it is possible to fix various 
functional organic molecules in an arbitrary configuration or arrangement by a 
simple process of condensing or irradiating laser light. Also, it is possible to 
change its size from nanometers to millimeters by selecting a laser light source. 
In addition, since it is possible to dispose plural organic molecules on the same 
substrate by repeating or combining the processes, its technical effects are large. 

Brief Description of the Drawings 

Fig. 1 is a flow diagram to exemplify the method of the invention of this 
application. 

Fig. 2 is a fluorescent microscopic photograph of a dot pattern of 
Example 1. 

Fig. 3 is a fluorescent microscopic photograph of Example 2. 
Fig. 4 is a fluorescent microscopic photograph of a dot pattern of 
Example 3. 

Fig. 5 is an SEM image of a dot pattern of Example 3. 
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Fig. 6(1) is an optical photograph of a dot pattern prior to the 
penetration of an organic molecule in Example 4; and Fig. 6(2) is a fluorescent 
microscopic photograph of a dot pattern after the penetration of an organic 
molecule in Example 4. 

Best Mode for Carrying Out the Invention 

Embodiments of the invention of this application having the foregoing 
characteristic features will be hereunder described. 

As described previously, the invention of this application is 
characterized by irradiating a photocurable resin containing an organic 
molecule with light, thereby curing the photocurable resin in a given pattern and 
removing an uncured portion, thereby fixing the organic molecule in the given 
pattern on a substrate. A wavelength of the light to be irradiated is selected 
depending upon the kind of a photocurable resin and its properties and 
reactivity. All of visible light having a wavelength of from 390 to 820 nm and 
ultraviolet light having a wavelength of not longer than 390 nm are employable. 
Furthermore, the light source may be a light source for irradiating laser light or 
may be a fluorescent lamp, a mercury vapor lamp, a halogen lamp, or the like. 

More preferably, what light which has been condensed to extent of a 
region closed to a wavelength diffraction limit is irradiated in a given pattern to 
cure the photocurable resin in the given pattern, especially visible or ultraviolet 
laser light is irradiated to cure the photocurable resin in the given pattern is 
taken into consideration as a preferred embodiment. Alternatively, in the 
invention of this application, the photocurable resin may be cured in a given 
pattern by irradiation with light using a mask pattern. 

With respect to the kind of the photocurable resin which is cured by 
irradiation with light, various kinds such as acrylic resin bases and methacrylic 
resin bases may be employed, and the photocurable resin does not react with the 
organic molecule to be contained. Such a photocurable resin is disposed as a 
material containing an organic molecule on a substrate. On this occasion, there 
are properly employed measures for coating, spraying or dropwise addition in a 
given pattern of a solution of the photocurable resin containing an organic 
molecule in an organic solvent such as ethers, THF, ketones, esters, DMSO, 
nitriles, DMF, and toluene on the surface of a substrate. 

For example, as illustrated in Method (A) of Fig. 1, as one configuration, 
an organic molecule is added and mixed in a solution of a usual photocurable 
resin, and this solution is coated on a substrate. After coating, for example, 
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ultraviolet laser light is irradiated in a given pattern, and an uncured portion is 
removed by ethanol or the like to obtain a dot arrangement of the photocurable 
resin as cured in the given pattern. The removal of the uncured portion can be 
easily realized by dissolution and removal by an organic solvent of every kind. 
As a matter of course, the removal may be achieved using a gas. 

In any event, in that case, the organic molecule is fixed to each dot. 
The dot shape and size or the like can be controlled by the beam shape of the 
laser light. The dot size can be selected within the range of from nanometers to 
millimeters. 

Furthermore, in such a method, as in Method (B) of Fig. 1, the 
photocurable resin may be cured by containing an organic molecule capable of 
absorbing light having a specific wavelength and irradiating light having a 
wavelength which the contained organic molecule absorbs. In that case, even 
when the photocurable resin is a photocurable resin which is curable by 
ultraviolet light, the photocurable resin can be cured even by visible light 
through light absorption of the organic molecule. 

Moreover, the invention of this application also provides a method of 
fixing an organic molecule, which is characterized by curing a photocurable 
resin in a given pattern on a substrate by irradiation with light and subsequently 
bringing it into contact with a solution containing an organic molecule, thereby 
penetrating the organic molecule into the photocurable resin. 

The contact of the cured resin with the organic molecule-containing 
solution can be carried out by various measures, for example, spraying, flowing 
down or coating of the organic molecule-containing solution. More simply and 
easily, as exemplified as Method (C) of Fig. 1, there is taken into consideration a 
method of immersing the cured resin in a solution of an organic molecule, 
thereby penetrating the organic molecule thereinto. 

With respect to the curing of the photocurable resin prior to the 
penetration of the organic molecule, likewise the foregoing case, there is taken 
into consideration a method of irradiating condensed light in a given pattern, 
thereby curing the photocurable resin in the given pattern, especially preferably 
a method of irradiating laser light, thereby curing the photocurable resin in the 
given pattern. 

As a matter of course, a method of irradiating light using a mask pattern, 
thereby curing the photocurable resin in the given pattern may also be 
employed. 

In the light of the above, in the invention of this application, for example, 
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it is also possible to fix each of plural kinds of organic molecules in an individual 
cured part of the photocurable resin or fix them in the same cured part by 
repeating or combining the respective measures of Methods (A), (B) and (C) of 
Fig. 1. 

The organic molecule can be preferably selected among organic 
molecules having various functions, for example, an optical function, a magnetic 
function, or an electron function. Examples of such an organic molecule 
include coumarin 6, coumarin 545, ZnTPP, anthracene, dicyanoanthracene, Nile 
Red, Fluoresceine, and pyrene. Similarly, various materials are employable 
with respect to the substrate. Examples thereof include resins, glasses, 
ceramics, metals, and mixtures of two or more kinds thereof. 

Then, the invention will be hereunder described in more detail with 
reference to the following Examples. As a matter of course, the invention is 
never limited to these Examples. Incidentally, in the following Example, an 
ultraviolet light curable resin (SCR701) as manufactured by D-MEC is used. 
Furthermore, with respect to the kind of the organic molecule, coumarin, 
dicyanoanthracene and zinc tetraphenylporphyrin were used. These organic 
molecules which were used are all commercially available. At the time of 
containing the organic molecule in the photocurable resin, any one of these 
organic molecules was directly added and mixed in the photocurable resin. The 
irradiation is carried out using a pulse light source, and in preparing a single 
dot, a pulse is irradiated once or plural times. Energy per pulse was set up at 
about 300 J/cm 2 in the case of ultraviolet laser light and about 6 mJ/cm 2 in the 
case of visible laser light, respectively. 

Examples 
<Example 1> 

According to Method (A) of Fig. 1, condensed ultraviolet laser light was 
irradiated on a photocurable resin containing coated dicyanoanthracene as an 
organic molecule, thereby curing only a desired portion, and thereafter, an 
uncured portion was removed by ethanol. A fluorescent microscopic 
photograph of the prepared dot pattern is shown in Fig. 2. Dot size and 
interval were 50 jam and 160 fim, respectively. In other molecules, it was 
confirmed that such a dot pattern can be prepared in the same manner and can 
be prepared in an arbitrary configuration or arrangement. 
<Example 2> 

Plural organic molecules were fixed on the same substrate by repeating 
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the same method as in Example 1. Photocurable resins containing, as an 
organic molecule, coumarin, zinc tetraphenylporphyrin (ZnTPP) and dicyano- 
anthracene, respectively were prepared. First of all, zinc tetraphenylporphyrin 
was fixed on a polyethyl methacrylate (PEMA) substrate using the photocurable 
resin containing zinc tetraphenylporphyrin, and the photocurable resin 
containing coumarin was then coated on the substrate, thereby fixing coumarin 
thereon in the same manner. In addition, the photocurable resin containing 
dicyanoanthracene was coated, thereby fixing dicyanoanthracene thereon in the 
same manner. The results obtained by fluorescent microscopic observation of 
the thus obtained substrate are shown in Fig. 3. The results reveal that it is 
possible to fix plural organic molecules on the same substrate. 
<Example 3> 

According to Method (B) of Fig. 1, visible laser light was irradiated on 
an ultraviolet light curable resin containing coumarin as an organic molecule, 
thereby curing only a desired portion, and thereafter, an uncured portion was 
removed by ethanol. Fig. 4 is a fluorescent microscopic photograph showing 
the prepared dot pattern. Dot size and interval were 1 ^m and 10 jim, 
respectively. The ultraviolet light curable resin which is in general non-curable 
by visible light could be cured by visible light (light of a wavelength region 
which coumarin absorbs). In other molecules, it was confirmed that such a dot 
pattern can be prepared in the same manner and that the wavelength region of 
light at which curing is possible varies depending upon the organic molecule to 
be contained. 

Fig. 5 shows the results of scanning electron microscopic observation of 
the foregoing dot pattern, and it was confirmed that the respective dots have a 
conical shape. This is a shape reflecting the beam shape. By changing it, dots 
having various shapes including a quadrangular pyramid and a triangular 
pyramid can be prepared. 
<Example 4> 

Ultraviolet laser light was irradiated on an ultraviolet light curable resin, 
thereby curing only a desired portion, and thereafter, an uncured portion was 
removed by ethanol. Fig. 6(1) is an optical photograph of the prepared dot 
pattern. Thereafter, the dot pattern was immersed in a solution having 
coumarin as an organic molecule dissolved therein, thereby penetrating and 
fixing coumarin. Fig. 6(2) is a fluorescent microscopic photograph of the dot 
pattern after the penetration of coumarin. It was confirmed that by immersing 
in a solution according to Method (C) of Fig. 1, coumarin was penetrated and 
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fixed in the dots as prepared in advance. 



Industrial Applicability 

In the light of the above, according to the invention of this application, 
an organic molecule having various functionalities can be fixed on a substrate 
simply and easily and in an arbitrary configuration or arrangement; excellent 
optical, electric or magnetic characteristics can be expected; and for example, 
optically excellent photonic crystals can be easily prepared by arranging dots 
having a specific refractive index in specific pitches. Also, it is possible to 
dispose plural kinds of organic molecules within the same fine region or to 
dispose them within different fine regions in close vicinity to each other. In 
addition, a wavelength region where a photocurable resin is curable can be 
easily measured by containing an organic molecule capable of absorbing specific 
light. 



